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ABSTRACT 
 This paper presents results of two years of monitoring and research on urban particulates with a focus 
on submicrometer particles, conducted as a part of an ongoing program on comprehensive characterization of 
fine airborne particulates and their effect on environmental and human exposures.  A large number of data has 
been collected by the Air Monitoring and Research Station operating in the centre of the subtropical city of 
Brisbane.  The Station is equipped in instrumentation for measurements of particle size distributions in 
submicrometer and supermicrometer ranges in addition to the standard instrumentation for monitoring of the 
criteria pollutants (PM10, ozone, sulphur dioxide, nitrogen oxides and carbon monoxide).  The focus of this 
paper is on presenting results related to characterization of particle size distribution and concentration trends in 
the study period, correlation between particle characteristics measured by different instruments, correlation 
between particle and gaseous data and preliminary conclusions on source characteristics and source contribution 
for the investigated area.   
 The average submicrometer particulate concentration in the study period was 7.4x103 particles cm-3, 
and the average number median diameter was 40 nm.  The best correlated data are those for submicrometer 
particles and carbon monoxide and nitrogen oxides, suggesting the same source type.  The lack of correlation 
between submicrometer and supermicrometer particle concentration data implies different sources for particles 
in these two ranges.   Particle spectral analysis and correlation with gaseous data, indicate that motor vehicle 
emissions constitute the main source of ultra fine particles in the study area.    
Key Words: airborne particulate matter, ultrafine particles, atmospheric pollution, size distributions. 
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INTRODUCTION 
 Anthropogenic emissions leading to atmospheric aerosols which have been 
synonymous of modern industrial and technological development, have been implicated in 
human health effects; visibility reduction; acid deposition and in altering the earth’s radiation 
balance (Dockery and Pope, 1994; Turpin et al., 1991; Dockery et al., 1992). Both the 
gaseous and particulate components of an atmospheric aerosol contribute to a deterioration in 
air quality (Friedlander, 1977).  
 Many of the recent studies have indicated that out of all the pollutants in a typical 
urban environment, airborne particulate matter and specifically fine and ultrafine particles 
could be the most closely related to many of the health end points.  Fine particles are 
considered to be smaller than 2.5 μm and ultrafine particles smaller than 0.1 μm. By number, 
fine and ultrafine particles are the most abundant in the air. These particles usually contain 
most of the trace elements and toxins, and due to the high diffusion coefficients, have a very 
high probability of deposition deep in the respiratory tract (Department of Healths Committee 
on the Medical Effects of Air Pollutants, 1995). 
 It has only been in recent years that fine airborne particulates have began to receive 
attention.  Atmospheric particle size distributions for averaged continental background, urban 
influenced background, averaged urban, and freeway influenced urban aerosols have been 
studied (Collins and Harrison, 1994; Jones and Harrison, 1994; Juozaitis et al., 1996). These 
distributions have shown that the majority of the particles are smaller than 0.1 μm in 
diameter, while most of the particle volume (and hence most of the mass) is found in particles 
larger than 0.1 μm. It is apparent that a low mass concentration does not necessarily imply a 
low fine particulate number concentration. 
 Typically, the lowest outdoor air particle concentrations are found in background 
marine environments, where particle numbers have been counted as low as 200 particles cm-3 
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(Department of Healths Committee on the Medical Effects of Air Pollutants, 1995) or as low 
as 50 particles cm-3 in the accumulation mode (Staebler et al., 1994). 
 Measurements of aerosol size distributions in the Arctic haze have been conducted as 
part of the Polar Sunrise Experiment (Staebler et al., 1994). Particle number concentrations 
varied between 50 and 600 particles cm-3  in the accumulation mode, while TSP ranged from 
2.4 to 8.6 mg m-3. Particle size distributions in the equivalent scattering diameter range 0.07 
to 5.3 μm were measured using laser scattering particle counters. It was found that boundary 
layer ozone concentrations were positively correlated with particles of diameters less than 
0.35 μm and negatively with particles larger than 0.35 μm. Furthermore, particles in the size 
range 6 -12 μm were detected exclusively during low ozone episodes. 
 In the urban environments of Birmingham, number concentrations of airborne fine 
particulates (ranging in size down to 6 nm in diameter) have been shown to vary between 103 
and 5 x 104 particles cm-3 with number median diameters typically of the order of 40-50 nm 
(Jones and Harrison, 1994). As part of research involving outdoor and indoor environments 
in an urban area in Tapei, Li et al. (1993) studied submicrometer aerosols in the size range 
0.017-0.886 μm with a condensation particle counter and determined number concentrations 
in the range 1 x 104 to 4.5 x 104 particles cm-3. 
 Particle size distributions and daily number concentrations trends in the 0.065 - 0.900 
μm diameter range were measured in Santiago de Chile with a light-scattering spectrometer 
(Trier, 1997). Measured concentrations ranged from 2 x 103 to 1.6 x 104 particles cm-3 and 
geometric mean diameters from 0.100 to 0.160 μm. 
 Since visibility degradation is perhaps the most readily perceived impact of air 
pollution, considerable interest has been focused on the light scattering properties of fine 
particles (FP). Summaries on the state of knowledge of the relationship of pollutants to 
visibility have been published (Seinfeld, 1986; Watson and Chow, 1994; Friedlander, 1977). 
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Much of the research has been concerned with source apportionment of the visibility 
degradation. Specifically, haze events have been targeted for studies of light scattering and 
extinction data along with a variety of atmospheric data including: composition; fine and 
coarse particle mass, size and morphologies; and meteorological conditions (Laulainen and 
Trexler, 1997; White et al., 1994; Vasconcelos et al., 1994; Malm and Gebhart, 1997). 
 In addition to light scattering data and various meteorological parameters, aerosol size 
distributions in the range 0.006 to 2.2 μm were measured at a coastal environment on the east 
coast of the U.S. (Hoppel et al., 1984). Significant changes in the aerosol size distributions 
were attributed to changes in the history of the air mass.  Several events of low visual range 
air were observed, characterised by large numbers of particles greater than 0.1 μm diameter 
with a secondary peak in the surface area distribution at about 1 μm. O’Dowd and Smith 
(1993) also studied the physico-chemical characteristics of submicrometer particulates in 
marine aerosols with respect to meteorological parameters.  
 The relationships between fine particulates and various other atmospheric data have 
been investigated. Although conclusions based on systematic data studies are limited and 
often discrepant. Patterson and Wagman (1977) concluded that the ratio between light 
scattering and fine particle mass varied from 12.2:1 to 16.8:1 for the relationship. Similar 
studies on the fine particle volume and light scattering as part of the ACHEX Program in 
California by Sverdrup and Whitby (1976) presented ratios varying from 5:1 to 35:1. Both 
studies, while exhibiting a degree of consistency in the ratios, agreed that the relationships 
were very much dependant upon the intensity and or proximity of the aerosol source. 
 The relationship between TSP and fine particulates (FP) in ambient air has also been 
investigated (Monn and Schaeppi, 1993). The FP and TSP results showed a good correlation 
with about 60 - 80 % of TSP attributed to FP. 
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 Correlations between PM10, visibility, submicrometer and supermicrometer 
concentration data have also been examined for a limited time period for aerosol samples 
collected in the city of Brisbane. It was concluded that, while under certain circumstances a 
relationship may exist, the different characteristics of airborne aerosols, the differing 
principles of instrument operation as well the differing characteristics that are measured with 
each instrument, make it unlikely or very limited (Morawska  et al., 1996). Studies in 
Birmingham have, however, shown good positive correlation between PM10 and a number of 
gaseous pollutants, while a similar negative correlation was determined with ozone (Collins 
and Harrison, 1994). 
 To address the need for comprehensive characterisation of fine airborne particulates 
and their effect on environmental and human exposure, a collaborative research program was 
undertaken, involving the Queensland University of Technology (QUT) and the Department 
of Environment (DoE) in Brisbane, Australia. 
 The program involves: long term monitoring of all the criteria pollutants: particles 
(PM10), ozone, sulphur dioxide, nitrogen oxides and carbon monoxide; light scattering; 
various meteorological parameters; and also the number size distribution and concentration 
of particles in the submicrometer and supermicrometer ranges; elemental characterisation of 
particulates using a newly developed, ultra sensitive method for elemental analysis; source 
characterisation studies; modelling of particle interactions; particle inventory in the Brisbane 
airshed, and; exposure analysis. 
 The program has been running for three years, and some outcomes of the research 
have been published earlier (Thomas et al., 1996; Morawska et al., 1996; Thomas et al., 
1997). The focus of this paper is on presenting results related to characterisation of particle 
size distribution and concentration trends in the study period, correlation between particle 
characteristics measured by different instruments, correlation between particle and gaseous 
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data, and preliminary conclusions on source characteristics and source contribution for the 
investigated area.  
METEOROLOGY, TOPOGRAPHY AND ESTABLISHED POLLUTION SOURCES 
AND TRENDS IN BRISBANE 
 Brisbane, the capital of the state of Queensland, Australia, lies at approximately 
27’300S and 1530E near the mouth of a major river, the Brisbane River which drains the 
coastal plain in the south-east corner of the state.  The south-east Queensland region has a 
population of approximately 1.3 million with an extended residential area and a small 
industrial base.  The populated area extends approximately 40 km along the coastline to the 
north and south of Brisbane, and 35 km to the west to the city of Ipswich. 
 The topography of the surrounding area is moderately complex, there being a close 
mountain range commencing with a mountain at 230 m lying 10 km to the west of the city 
and heading to the north-west, where it rises to about 700 m.  A major range with a sharp 
scarp rising excess of 700 m defines the western edge of the air shed and is approximately 35 
km from the city centre.  Ranges with peaks above 1000 m lie to the south and define the 
southern boundary of the air shed. 
 Wind flows in the region are governed by the synoptic flows, which are most often 
from the south east, and a period of strong westerly flows lasting for one or two months in 
winter.  A north-easterly sea breeze is a daily feature throughout the year.  An overnight 
south-westerly drainage flow from the mountain range to the west carries air parcels from the 
plateau region and the western coastal plain towards the city region.  An infrequent synoptic 
situation gives gradient winds from the north-west.  On these occasions, the combination of 
the light synoptic north westerly flow and the overnight south west drainage flow can delay 
the onset of the sea breeze sufficiently to cause recirculation of the city emissions, leading to 
photochemical smog events. 
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 Hazard reduction burning is practised in the forest areas and the farming land to the 
west of the urban areas during the lighter wind periods in autumn to spring.  On these 
occasions, the City may be blanketed by smoke carried on the drainage flows.  It has been 
observed that this is accompanied by an increase in ozone concentrations in the City region. 
 Investigations by Verral and Simpson (1989) into TSP levels in Brisbane has revealed 
that the particulate mass concentrations were frequently above the National Health and 
Medical Research Council (NHMRC) recommended guideline (90 μg m-3 annual mean) in 
busy traffic zones. However, further investigations into PM10 concentrations by Simpson 
(1994) indicated no exceedance of the PM10 guidelines. Best (1996) has reported a trend 
analysis of PM10 and TSP statistics at several road sites in Brisbane since 1992. The results 
indicate an increase in the annual maximum PM10 levels since 1992 which has been 
concluded to be a consequence of increased bushfire activity. TSP concentrations, on the 
other hand, have decreased since 1992. 
 A potential sulphur dioxide source is a small power station located at Swanbank to the 
west of the city. The mean values of sulphur dioxide are, however, consistently below the 
recommended levels of 20 ppb and it has been concluded that sulphur dioxide pollution is of 
little concern in Brisbane (Bofinger, 1993). 
 The power station, bush fires and motor vehicle emissions, have contributed to the 
nitrogen oxide levels in Brisbane.  The major contributor (63%) of nitrogen oxide has been 
shown to be the motor vehicle fleet (Farrington, 1988). 
 While Physick et al. (1993) have shown that there are dominant random influences in 
the ozone data set, it is not unreasonable to expect that motor vehicle emissions are a 
significant source of particulates and ozone precursors. It is possible that, in the case of the 
particulate data, there is little correlation between visual range and concentrations of gaseous 
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pollutants from motor because of high background emissions from stationary sources and 
random influences from sources such as dust or smoke. 
SOUTH-EAST QUEENSLAND AIR MONITORING NETWORK 
 The Queensland Department of Environment (DoE) has been operating a number of 
air monitoring stations through-out south-east Queensland for a number of years. Several 
papers have been written on the analysis of monitored data (Simpson, 1994; Bofinger, 1993; 
Simpson and Auliciems, 1989). Prior to 1995, the multiparameter stations of the network 
were located at Rocklea, Eagle Farm and Fortitude Valley. 
 In July 1995, QUT and DoE established an Air Monitoring and Research Station on 
the campus of QUT (Fig. 1). This is a multiparameter monitoring and research facility which 
enhances the monitoring of fine particulates in Brisbane and allows the sampling of air 
parcels characteristic of the Brisbane Central Business District (CBD). The Station is situated 
on the 6th floor of a building in the Gardens Point Campus, QUT, within the Brisbane CBD 
at a distance of 210 m from the South-East Freeway. The location of the QUT Station 
complies with the appropriate standards for city monitoring stations. 
 In addition to the conventional gaseous, particulate and meteorological monitoring, 
the QUT station also incorporates the measurement of fine and coarse particulates in the size 
ranges 0.016 to 0.7 μm using a Scanning Mobility Particle Sizer (SMPS) and 0.7 to 30 μm 
using an Aerodynamic Particle Sizer (APS), as well as elemental characterisation of 
submicrometer particles using an Inductively Coupled Plasma Mass Spectrometer. The 
introduction of these instruments into the station’s routine monitoring protocol allows a more 
comprehensive characterisation of the airborne pollution with special emphasis on fine 
particulates. 
 The station has been operating since 1995 and a large amount of data has been 
collected and is currently being analysed.  This paper presents data for the period July 1995 
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to April 1997 covering particle concentrations obtained with a TEOM (PM10 fraction) and a 
nephelometer, size spectra from the SMPS and APS, together with data for concentrations of 
ozone, sulphur dioxide, nitrogen oxides and carbon monoxide, and correlations between 
particle and gaseous data. 
MONITORING DESIGN  
Particle size classification 
 The TSI Model 3394 SMPS is able to collect particle size spectra for particles with 
diameters in the range of 5 to 1000 nm.  The SMPS uses a bipolar charger in the electrostatic 
classifier to charge the particles to a known charge distribution. The particles are then 
classified according to their ability to traverse an electrical field and counted with a 
condensation particle counter.  Intrinsic to the operation of the SMPS is the choice of sheath 
air flow rates and inlet orifice diameters, which select the particle size range to be examined. 
Available scan times per sample range from 60 to 500 s. The sampling conditions used for 
the SMPS sample collection at the station are as follows: monodisperse air flow rate - 0.3 l 
min-1, particle size range - 0.016 to 0.626 μm and scan time - 90 s. Samples for SMPS 
analysis are collected through a plastic tube of 1 m length and 16 mm internal diameter 
projected from the station.  Attached to the tube is a much smaller tube of 3 cm length and 6 
mm diameter allowing the connection to the instrument. 
 The TSI Model 3310A APS is used at the station for the collection of particle size 
spectra of the particle aerodynamic diameters ranging from 0.7 to 30 μm.  The principle of 
instrument is the measurement of the size dependent velocities of accelerated particles using 
split laser beams.  The scan times for each sample are the only parameters that may be 
changed for the APS measurements and lie in the range of 1 to 65535 s.  Scan times of 20 s 
are used for the current research program.  Samples for APS analysis are collected through a 
tube of 1 m length and 16 mm internal diameter projected from the station. 
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 Calibration of the SMPS and APS instruments is performed routinely by the 
measurement of aerosols of known size distributions. Various aerosols such as NaCl, salt 
seeded DEHS, autocoagulated DEHS are generated by a TSI Model 3475 Condensation 
Monodisperse Aerosol Generator. The SMPS instrument is also routinely cross-validated 
against a second SMPS located at the QUT Environmental Aerosol Laboratory. 
Monitoring Procedures 
 Measurements of ozone, carbon monoxide, sulphur dioxide, nitrogen oxides, visual 
range, PM10 and various meteorological parameters are conducted on continuous basis.  
 Since September 1995, the SMPS and APS instruments have been used for regular 
“grab sampling” of particle size spectra in triplicate every day at 9:30 am and 4:30 pm. On 
days characterised by notable atmospheric and/or meteorological conditions, for instance 
hazard reduction burning, haziness, fog etc., measurements have been made with the SMPS 
and APS instruments at regular intervals during the entire day. 
Spectral Characteristics and Choice of Parameters 
 The task of comparison of spectra of different aerosol samples is not trivial and has 
been the subject of many discussions and investigations (Willeke and Baron, 1993). The large 
amount of data collected with each measurement has necessitated selection of suitable 
indicators for the aerosol particle size distribution in an attempt to summarise each particle 
size distribution to allow for a statistical comparison between the spectra.  Aside from visual 
inspection, typical indicators used are total particle number concentrations in the investigated 
size range or mode, number median diameters (NMD) and distribution mode (Collins and 
Harrison, 1994; Jones and Harrison; Ning et al., 1996). 
 The parameters employed here for characterisation of particle size distribution 
include: total number concentration and NMD of particles in the investigated ranges. The 
investigated ranges included in the first instance the total SMPS and APS ranges which were 
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0.016 to 0.626 and 0.7 to 30 μm, respectively, and also subdivisions of the SMPS range, 
which were 0.016 to 0.040 μm, 0.040 to 0.070 μm, 0.070 to 0.100 μm, 0.100 to 0.350 and 
0.350 to 0.626 μm. 
Correlation analysis 
 The correlation coefficients used in the study correspond to Pearson-product moment 
correlations. The coefficient represented by the symbol rx,y for the variables x and y is 
calculated by: 
   rx,y =   Cov (x,y) 
    σx . σy 
                                          
 
                                                   n     
where  Cov (x,y)  =   1 ∑ (xj - μx)(yj - μy) 
              
n
 
and n is the number of datum points. 
 A two-tailed t-test was used to test the null hypothesis (H0) that there is no linear 
relationship between the two data sets where: 
  t =  |r| (n-2)0.5    
           (1-r2)0.5 
 
H0 to be rejected if |t| > tcrit. 
  
 All of the coefficient calculations are based on pairs of data with at least 100 datum 
points. It is therefore possible to calculate a critical value of r for all of the data based on the 
t-test with the number of degrees of freedom for each calculation set at or greater than 100. A 
critical value of r at the 99 % level of significance in this instance may be calculated as 0.25. 
Hence, H0 is to be rejected if |r| > 0.25. 
RESULTS AND DISCUSSION 
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 Time series plots of concentration data for light scattering and PM10 are presented in 
Figures 2 and 3, respectively.  Table 1 presents summary statistics for the pollutants and also 
meteorological parameters including windspeed, wind direction, temperature and humidity.  
 While consistently lower than the NHMRC standard for a one hour exposure of 120 
ppb, there are higher levels of ozone concentration at the QUT station for the period 
September to March compared with other periods.  As this is the summer period 
characterized by warmer temperatures and greater sunlight, the trend is not unexpected. 
 The concentrations of oxides of nitrogen tend to be greater during the colder months 
of  May to August inclusive.  Ground based inversions at about 100 to 200 metres above the 
City are prevalent during this time and lead to poorer dispersion.  Both carbon monoxide and 
sulfur dioxide exhibit a similar increase in the winter months.  A similar pattern is also 
evident in the plot for the light scattering data collected at the station (figure 2). 
 Although showing somewhat increased values during the winter months, the PM10 
data (Figure 3) trends are not as clear.  This may indicate that the influences of the 
anthropogenic sources are not as significant as they are for light scattering.  This is expected 
as in addition to anthropogenic sources, natural sources such as soil dust, sea spray, plant 
fragments etc., contribute to the mass of particles less than 10 micrometer in size, while they 
do not contribute to gaseous emissions or to the emissions of particles in the smaller size 
ranges. 
 Figures 4 to 7 present time series plots for the SMPS and APS including NMD and 
particle number concentrations in the measured size ranges. Table 2 presents summary 
statistics for the SMPS and APS measurements.  Figure 8 present a spectrum illustrating a 
typical number particle size distribution and concentration of many of the aerosols sampled at 
the QUT station.  
 13  
 The graph and the table for the SMPS NMD data (Figure 4 and Table 2) indicate that 
the average NMDs of the aerosol particles sampled at the QUT station is close to 40 nm. 
Although not necessarily the only source, it is expected that automobile exhaust could be a 
major contributor to the aerosol particles in the QUT region. This is further justified by the 
similarity in shape between the ambient spectra (Figure 8) and automobile exhaust source 
spectra (Morawska et al., 1996) which also has a NMD in the 40 nm size region. 
Spectra analysis 
 While full source characterization investigations have not yet been completed, 
attempts have been made to provide indications as to the major source contributor at the 
station. Since unimodal spectra are most commonly encountered at the station, ten unimodal 
samples were chosen for comparison with the particle size spectra of known aerosol source 
types. These ten spectra gave an average correlation coefficient of 0.85 (std. dev. = 0.06) 
when compared with the gasoline exhaust particle size distribution and a coefficient of -0.30 
(std. dev. = 0.14) when similarly compared with the diesel exhaust distribution (Morawska et 
al., 1997). The fact that the most common aerosol samples collected at the QUT Station have 
particle size spectra that are well correlated with the gasoline exhaust samples strongly 
suggests that gasoline exhaust may well be the major aerosol source at the station. More data 
analyses will be performed to further quantify this conclusion, as well as to quantify the 
diesel exhaust contributions, which are apparent from the samples with the bimodal 
distributions in the SMPS range. 
 The concentrations of the particles in the 16 to 626 nm size range (Figure 5) do 
appear to be higher in the period July, August and early September, which is in agreement 
with the findings for the nitrogen oxides, carbon monoxide and sulfur dioxide.  It may be 
concluded, therefore, that these pollutants have a common source.  The peak concentrations 
that exhibited during September and October are even higher and have been interpreted as the 
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result of hazard reduction burning of bushland near the City. Particle size distributions of the 
aerosols collected at the QUT station during these burning off demonstrate a shift in peak 
location from 30 nm to approximately 60 nm and the increase in particle concentration from 
1 x 104 to approximately 3 x 104 particles cm-3 when compared with the typical particle size 
spectra recorded at the station.  Increases in particle diameter indicate the presence of aged 
combustion emissions, which have traveled some distance from the emission point, in 
comparison with the relatively younger emissions from motor vehicles in the city area.  A 
study of a majority of aerosol particle size distributions collected in the September-October 
period reveal that there are a much greater percentage of particles in the larger particle size 
range.  It is interesting to note that these periods are often characterized by a similar decrease 
in measured Bsp but no noticeable increase in the PM10. 
 Periods characterized by haziness visible to the naked eye and often by increased Bsp 
(e.g., August 1997) also provide aerosol particle size distributions with greater numbers of 
particles in the larger diameter ranges. During haze episodes the particle NMD in the 
submicrometer range increases to about 60 nm and there is also an increase in concentrations 
of particles greater than 0.7 μm. 
 Periods of rain and wind result in reductions in the number of particles while at the 
same time the particle size distributions appear to be multimodal. In these instances the 
modality of the distribution is different from that of dry or calm conditions, and in particular, 
the prominent peaks that are evident in the typical distribution between 20 and 70 nm for dry 
or calm conditions are less likely to be visible.  A particle size distribution measured on a 
foggy day was characterized by a large increase in the number of particles greater than 0.7 
μm.   The time series plot of NMD (Figure 6) for particles in the 0.7 to 30 μm diameter size 
range shows that the NMDs were generally at approximately 1 μm until July 1996, followed 
by an increase in size with increased variability for October and November of that year.  For 
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the same period the concentration of particles in this size range was reduced (Figure 7). There 
is also a period of very high concentrations of these larger particles (up to 100 particles cm-3) 
in November 1995. The reason for these are also unclear, however, it is worthy to note that 
they were matched by similar increases in the ozone and sulfur dioxide levels on days which 
were characterized by haze. 
Correlation analysis 
 A summary of the correlation coefficients (r) for the data from the entire period is 
provided in Table 3. 
 As described above a critical value of r based on 100 degrees of freedom at the 99 % 
level of significance may be calculated to be 0.25. Therefore, if |r| > 0.25 we may conclude 
that a significant correlation does exist between the two pairs of data. 
 Some of the better correlated data for the entire period include carbon monoxide with 
nitrogen oxides and the SMPS particulate concentrations (r = 0.78 and 0.45 respectively). 
This further supports the conclusions of above that the most significant contributions to all 
three are from the same source type, which most likely is automobile exhaust.  
 The NMD for the submicrometer particles also correlates relatively well with light 
scattering and PM10 (r = 0.48 and 0.40, respectively). This is not unexpected, as the larger the 
particle the greater its contribution to mass (or PM10) and as the size of aerosol particles 
increase to be comparable in size to the wavelength of visible light (0.4 to 0.7 μm), they 
become more effective in scattering light (Seinfeld, 1986). Hence, the positive correlation in 
both instances. 
 Good correlation is evident between the light scattering coefficient and PM10, SMPS 
concentration and APS concentrations (r = 0.58, 0.38 and 0.37 respectively). However, the 
limited correlation between the SMPS concentration and PM10 (r = 0.25) indicates that PM10 
monitoring provides less information about the ultrafine particles. 
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 The low correlation coefficients between PM10 and APS concentration with NOX 
concentration (r = 0.19 and -0.04 respectively) may suggest that the NOX are, as may be 
expected, associated with particle emissions in the fine particle size range.  This is in 
agreement with the good correlations between the SMPS concentration and NOX 
concentration as described earlier in the paper. 
 Similarly, the lack of correlation between the SMPS and APS particle concentration 
data implies that the two are not from the same source type. 
 Correlations of the fine particulate concentrations in the total SMPS size range and 
those divided into ranges smaller or larger than 40 nm for different seasons, for morning and 
afternoon intervals and for different conditions of wind speed and direction are presented in 
Table 4. 
 The classification of the data into those particle size spectra with NMD > 40 nm and 
those with NMD < 40 nm was performed in an attempt to identify those aerosol samples 
which were considered to be most likely from a gasoline exhaust type (i.e. NMD < 40 nm), 
thus providing information on those parameters which were better correlated with these 
aerosols. Similarly, the particle number concentrations were subdivided at 1 x 104 particles 
cm-3 to identify the aerosol samples with greater particulate levels. 
 Wind speeds of less than 1 m s-1 were considered to represent those less turbulent 
days. North and South were chosen to classify the aerosol samples by wind direction to allow 
the differentiation between air parcels which were clearly likely to be blown from the South-
East Freeway (a major traffic route) which is located to the south of the QUT Monitoring 
Station.  
 It is interesting to note the general higher correlation for the morning measurements 
in comparison with those in the afternoon.  The most substantial increases in correlation are 
with light scattering, sulfur dioxide, carbon monoxide and PM10 parameters. The correlation 
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coefficient for the fine particulate concentration and PM10 masses, for instance, increases 
from a low negative relationship (r = -0.10) to a significant positive (r = 0.43). These 
increases may be explained by the fact that at the time of the particulate sampling in the 
morning (9:30 am) all of the parameters, in general, are strongly influenced by the same 
source type - automobile exhaust, which remains over the station. While the same source still 
exists at the time of particulate sampling in the afternoon (4:30 pm), it may be less significant 
as the afternoon sea breeze sets in blowing the air parcel away from the station. The winds on 
average are stronger in the afternoon (1.8 m s-1 compared with 0.8 m s-1 in the morning), 
while the concentrations of gases and particulates measured at the station at the time of the 
particulate sampling are on average greater in the morning. 
 The seasonal correlation coefficients between the fine particulate concentrations and 
the other measurements are also significantly higher in Spring than those calculated for the 
other seasons. This further supports the theory that the controlled burning off of bushland 
around the city during this season has a significant influence on the fine particulate 
concentrations measured at the QUT station. The average fine particle concentration over this 
period increases to 8.8 x 104 particles cm-3 compared with the annual average of 7.4 104 
particles cm-3.  
 A number of significant increases in the correlation coefficients are also recorded for 
the aerosol samples with particle size distributions with NMD > 40 nm.  It was suggested 
above that the aerosol samples collected at the time of the bushland burning were 
characterized by a shift in the peak location to a greater particle size. It is not unreasonable to 
assume, therefore, that a number of these aerosol samples with NMD > 40 nm are the result 
of the bushland burning and that the better correlations recorded by these samples are also a 
result of the significant influence of the bushland burning. 
CONCLUSIONS 
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 This paper summarizes two years of baseline monitoring and research on 
submicrometer urban particles and on investigations of relations between airborne particle 
and gaseous data. The conclusions as to the trends in particle concentration levels and size 
distribution, as well as on correlation analysis, can be summarized as follows: 
• The average particle concentration in the lower submicrometer range - SMPS range (0.016 
to 0.626 μm) - was 7.4x103 particles cm-3, and the average NMD (NMD) in this range was 
40 nm. 
• The average particle concentration in the upper submicrometer range and in the 
supermicrometer range (0.7 to 30 μm) was over 4 particles cm-3 and the average NMD in 
this range was 1 μm. 
• There is a relatively good correlation between the SMPS concentrations and carbon 
monoxide and nitrogen oxides (correlation coefficients 0.78 and 0.45 respectively) for the 
entire period, indicating the same source type.  
• There is limited correlation between submicrometer particle concentration levels (SMPS) 
range and PM10 readings, which indicates that PM10 monitoring provides little information 
about ultra fine particles.  
• There is lack of correlation between particle concentration in the SMPS and APS ranges 
which implies different sources for particles in these two ranges. 
• Particle spectral analysis and correlation with gaseous data, indicate that motor vehicle 
emissions constitute the main source of ultra fine particles in the study area.    
The concentrations of particles in the SMPS is the highest in September and October and 
there is also a shift in particle size distribution to a greater particle size in this period.  These 
findings indicate that controlled burning off of bushland during this season has a significant 
influence on the fine particles concentration in the city. 
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Table 1: summary statistics July 95 - December 96 
 
statistic wdrn 
(0) 
wspd 
(m s-1) 
O3 
(ppb) 
NOX 
(ppb) 
Bsp 
(x10-5m-1) 
SO2 
(ppb) 
CO 
(ppm) 
HUM 
(%) 
TEMP 
(0C) 
PM10 
(μg m-3) 
mean 173 0.86 13.1 34.5 4.04 4.4 0.63 59.46 20.45 15.02 
std dev. 103 0.94 11.8 43.1 5.66 3.9 0.62 26.77 7.40 10.41 
min 0 0 < 2 < 1 < 0.25 < 1 < 0.02 < 2 2 < 5 
max 360 6.1 113 583 227.8 49 8.1 100 44.2 269.7 
 
* temperature statistics only apply to period July 95 to may 96 
 
Table 2: summary statistics for SMPS and APS data July 95 - April 96 
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statistic SMPS CMD 
(nm) 
SMPS total conc. 
(particles cm-3) 
APS CMD 
(μm) 
APS total conc. 
(particles cm-3) 
mean 37.6 7410 1.03 4.32 
std dev. 9.5 6260 0.28 5.11 
min 23.6 400 0.62 0.08 
max 115.3 40780 3.05 102.8 
 
Table 3: Correlation analysis of particle and gaseous data for the monitoring period. 
 
 O3 NOX Bsp SO2 CO hum temp PM10 smps 
nmd 
smps 
conc 
APS 
nmd 
APS 
conc 
O3 
 
1            
NOX 
 
-0.59 1           
Bsp 
 
-0.11 0.40 1          
SO2 
 
-0.12 0.41 0.44 1         
CO 
 
-0.39 0.78 0.55 0.41 1        
PM10 
 
0.14 0.19 0.58 0.32 0.33 -0.03 -0.15 1     
smps 
nmd 
0.37 -0.08 0.48 0.15 0.03 0.02 0.26 0.40 1    
smps 
conc 
-0.14 0.40 0.38 0.38 0.45 0.23 -0.31 0.25 0.12 1   
APS 
nmd 
0.01 0.00 -0.18 -0.14 -0.19 0.18 0.04 -0.07 -0.10 0.20 1  
APS 
conc 
0.08 -0.04 0.37 0.12 0.16 -0.24 0.14 0.36 0.20 -0.03 -0.24 1 
 
 
 
Table 4: Correlation analysis of fine particulate data 
 
condn O3 NOX Bsp SO2 CO PM10 APS 
conc 
all 
 
-0.09 0.18 0.18 0.17 0.26 0.09 0.10 
AM 
 
-0.16 0.38 0.50 0.43 0.47 0.43 0.09 
PM 
 
0.01 0.33 0.03 0.26 0.25 -0.10 -0.25 
W/DAY 
 
-0.12 0.39 0.41 0.40 0.44 0.27 0.04 
W/END 
 
-0.07 0.23 0.13 0.40 0.27 -0.06 -0.21 
AUTUMN 
 
-0.13 0.44 0.38 0.10 0.70 0.41 0.22 
SPRING 
 
-0.26 0.62 0.75 0.37 0.59 0.38 0.12 
SUMMER 
 
-0.19 0.42 0.22 0.44 0.41 0.03 -0.11 
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WINTER 
 
0.00 0.28 0.29 0.41 0.24 0.30 0.03 
nmd < 
40 nm 
-0.13 0.12 -0.03 0.27 0.35 0.16 -0.14 
nmd > 
40 nm 
-0.23 0.63 0.45 0.45 0.54 0.24 0.04 
conc >104 
 # cm-3 
-0.20 
 
0.52 0.42 0.22 0.19 0.25 0.00 
conc <104  
# cm-3 
-0.10 
 
0.44 -0.13 0.35 0.41 -0.04 -0.25 
wdpsd   > 
1m s-1 
0.08 0.16 0.18 0.34 0.40 0.16 -0.04 
wdspd  < 
1 m s-1 
0.06 -0.12 0.31 0.33 0.37 0.50 0.20 
wdrn -  N 0.00 
 
0.43 0.22 0.40 0.38 0.10 0.07 
wdrn -  S -0.12 
 
0.37 0.47 0.38 0.48 0.31 -0.08 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Map of the QUT Air Monitoring and Research Station with respect to  
  the South-East Freeway 
 
Figure 2: Light scattering coefficients due to particles (Bsp) at the QUT station  
  July 1995 - April 1997 (values are four hour averages, Bsp value of  
  227.8 x10-5 m-1 at 8:00 pm 19/7/96 omitted) 
 
Figure 3: PM10 concentrations at the QUT station July 1995 - April 1997 (values  
  are four hour averages, PM10 value of 269.7 μg m-3 at 8:00 pm   
  19/7/96 omitted) 
 
Figure 4: Number median diameter of particulates sampled in the 16 - 626 nm  
  size range at the QUT station July 1995 - April 1997 
 
Figure 5: Number concentration of particulates sampled in the 16 - 626 nm size  
  range at the QUT station July 1995 - April 1997 
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Figure 6: Number median diameter of particulates sampled in the 0.7 - 30 μm  
  size range at the QUT station July 1995 - April 1997 
 
Figure 7: Number concentration of particulates sampled in the 0.7 - 30 μm size  
  range at the QUT station July 1995 - April 1997 (number concentration  
  of 102.8 particles cm-3 at 8:00 am 10/11/95 omitted)  
 
Figure 8: A typical particle size distribution of particulates sampled in the 0.016  
  - 30 μm size range at the QUT station 
 
 
 
 
 
 
 
